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Introduction:  Most primordial noble gases in 
chondrites are carried by an HF/HCl resistant carbona-
ceous residue which constitutes a tiny fraction (2-5 
%wt) of the bulk mass [1, 2].  Furthermore, it remits 
most of its primordial noble gases upon treatment with 
oxidizing acid (such as HNO3) without appreciable 
mass loss, leaving the residue enriched in presolar 
grains such as diamond and SiC. This nearly mass-less 
carrier of primordial noble gases in chondrites is 
termed as Phase Q [2]. Phase Q is also intimately re-
lated to presolar diamond which is characterized by the 
presence of Xe-HL [3]. 

Unlike other achondrites, which are depleted in 
volatile noble gases, ureilites are a group of differenti-
ated meteorites which are highly enriched in these 
gases. Like phase Q, nearly all noble gases in ureilites 
are concentrated in the HF/HCl resistant carbonaceous 
residue (diamond rich) [4]. The elemental and isotopic 
compositions of noble gases in ureilite diamonds and 
phase Q are quite similar and suggesting that they ac-
quired their volatile noble gases in the same fashion 
[5-6].    

Though the timing of the formation of these primi-
tive phases may be inferred from their close associa-
tion of presolar grains and phase Q and also from the 
isotopic composition of noble gases [6], very little is 
known about the where in the solar nebula they were 
formed. Study of sulfur isotopes in these carbon 
phases might be quite useful as sulfur isotopes have 
been shown to undergo mass independent fractionation 
(MIF) during UV photolysis. Mass independent sulfur, 
which has been observed in a variety of terrestrial and 
extraterrestrial objects, is exclusively produced by 
photochemical reactions. In order to understand the 
physicochemical conditions during the formations 
which may provide information about where these 
phases have been formed, we have initiated sulfur iso-
topic studies of primitive carbon phases in chondrites 
and ureilites using different experimental approaches. 
Another objective of this study is to determine the iso-
topic composition of sulfur associated with presolar 
grains.  

Experimental: Residues from Allende, Murchi-
son, Dhajala, and two ureilites GRA98032, 
LEW85328 were prepared by dissolution in 10N 
HF/1N HCl and 6N HCl alternatively several times. 
The carbon rich residues were analyzed for sulfur in 
two different ways: 1) An aliquot of phase Q was 
treated with fuming nitric acid which attacks and re-

moves phase Q. After the reaction, the residue was 
separated from unreacted nitric acid by centrifugation. 
The sulfur dissolved in nitric acid was converted to 
barium sulfate and analyzed following the usual pro-
cedure [7]. The other aliquot was combusted in a high 
purity oxygen atmosphere (~500 torr) in stepwise ther-
mal release (in 2 or 3 temperature steps) and the sulfur 
dioxide evolved was collected over hydrogen perox-
ide, which subsequently converted to barium sulfate by 
addition of barium chloride and analyzed for sulfur 
isotopes following the usual procedure. Sulfur isotopic 
composition has been measured as SF6 on a Finnigan 
Mat 252 at UCSD. 

Results and discussions:  In Fig 1, ∆33SCDT is plot-
ted against δ34SCDT for various chemical extractions 
and sulfur extraction by stepwise combustion of phase 
Q from chondrites and diamond from ureilites. It can 
be seen clearly that most of the data points 
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Fig 1. Plot of ∆33S vs δ34S for Phase Q from chondrites and diamonds
from Ureilites.

are indistinguishable from zero ∆33S, within experi-
mental uncertainty (Fig. 1). Recently Rai and Thie-
mens [8] demonstrated the presence of mass independ-
ent sulfur in chondrules or their rims. The presence of 
MIF sulfur in chondrules but not in phase Q clearly 
suggests that the phase Q has been formed in an opti-
cally shielded region of the nebula.  

Sulfide phases in bulk ureilites has been shown to 
carry MIF signature [9-10]. Our results of sulfur in 
diamonds from two ureilites are mass dependent (∆33S 
≈ 0 ‰) (see Fig 1). This clearly suggests that the dia-
mond or carbon phases of ureilites are of different ori-
gin than that of bulk silicate, which is the most likely 
carrier of MIF sulfur in ureilites [9-10]. This study is 
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currently underway and more results will be presented 
at the conference. 
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